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Introduction
The behavior of polymers at the interfaces of polymer solution/solid surface plays an important role in the properties of dispersions in liquid media and in the formation of filled polymer materials [1] [2] [3] [4] [5] [6] [7] . The adsorption of polymers leads to changes in the interactions of covered solid particles with neighboring particles and dispersion medium. These changes depend on the component types and concentrations, as well temperature, pH and salinity of the media.
Stabilization of aqueous dispersions by
polymers is widely used in pharmacy for preparation of stable pharmaceutical substances, food industry, manufacture of products with a colloidal structure, etc. [1] [2] [3] [4] [5] . The opposite process of flocculation in similar systems is important too. It is used for purification of liquids from solid particles and other processes [6] [7] [8] [9] . The mechanism of stabilization or flocculation of the colloidal particles by polymers is very complex and depends on many factors including the nature and concentration of polymers and concentration of solids [10] [11] [12] [13] . bridges between solid nanoparticles [14] . On the other hand, it is possible steric stabilization of the system due to the penetration of nanoparticles into bulk polymer [1] [2] [3] [4] [5] .
Therefore, the aim of this work was to study the effects of three types of non-ionic polar polymers adsorbed onto nanosilica on the properties of the aqueous systems (the aim of the work does not stem from the very general introduction).
Experimental part

Materials and methods
Fumed silica A-300 (pilot plant of the Chuiko Institute of Surface Chemistry, Kalush, Ukraine, specific surface area S = 250 m 2 /g) was used as the initial powder material. 
Adsorption studies
Adsorption studies were carried out under equilibrium conditions at room temperature. A certain amount of the polymer solution (5 wt.
%) was added to 0.1 wt. % dispersion of silica and mixed by a magnetic stirrer. The systems were equilibrated for one day. Then the silica dispersions were centrifuged, and the concentration of the polymer in the solution was determined using an interferometer. The value of the polymer adsorption onto a silica surface was calculated from the difference in the polymer concentrations in the solutions before and after contact with the adsorbent.
Changes in the Gibbs free energy (G) upon polymer adsorption onto a solid surface from a solution can be calculated from the adsorption isotherm using the Langmuir equation
where
andL is a constant, using the minimization of the discrepancy functional for the experimental data and theoretical curve.
Rheological measurements
The rheological properties of the dispersions were studied using a rotational viscometer Rheotest 2.1 (cylinder system S/N) at shear rates from 9 to 1312. These data used to calculate the Turbiscan stability index (TSI) (using TLab EXPERT 1.13
and Turbiscan Easy Soft):
where xi is the average backscattering for each minute of measurement, xBS is the average xi, n is the number of scans (repetitions of single measurement during the total time of the experiment).
Results and discussion Polymers studied can be adsorbed onto the silica surface by the hydrogen bonds between polar functionalities (such as C-OH, C-O-C, C=O) of the polymer and surface silanols [17] [18] [19] . The adsorption isotherms of PVA, PEO, and PVP can be assigned to the Langmuir type (Fig. 1 ). An increase in the molecular weight leads to an increase in the adsorption.
The adsorption and structure of the adsorption layer depend on the molecular weight of polymers [1] [2] [3] 20] . The dependence of the adsorption on the molecular weight of polymers for sorbents composed of nonporous nanoparticles (NPNP) can be described by a simple equation [20] .
where Amax is the maximal adsorption, Mw is the molecular weight, K and α are the constants dependent on the polymer nature, solvent type, and temperature. Equation (4) 1 ). An increase in the adsorption with increasing molecular weight is observed for all the polymers. This suggests that the adsorption of PEO, PVA, and PVP proceeds with the formation of the loops and tails (Fig. 3 , models [20] ).
Changes in the Gibbs free energy (Fig. 1d) upon the polymer adsorption are relatively small due to several factors such as (i) great desolvation energy related to displaced water molecules bound to both a silica surface and macromolecule fragments contacted to the surface;
(ii) strong polymer-polymer interactions (maximal for PVA among the polymers studied due to the hydrogen bonds between the COH groups) which change upon The viscosity values decreasing significantly at a reverse shear rate exceed the initial ones (Fig. 7a) . This system shows explicit rheopectic properties that can be attributed to the formation of additional bridging bonds between the silica particles due to the mechanical loading onto the dispersion. The same rheopectic behavior is typical for the aqueous silica dispersions with PEO (Fig. 6b) .
The dispersions of silica in the presence of PVA demonstrate a typical thixotropic behavior.
The destruction of the dispersion structure occurs with increasing shear rate (Fig. 6a) .
Monitoring of the system at a constant shear rate vs. time and then at decreasing shear rate shows partial restoration of the structure. This rheological behavior is observed at various concentrations and molecular weights of PVA. Therefore, the viscosity decreases. These processes of the structure formation determine the rheological parameters of the dispersions, their aggregative and sedimentation stability.
Stability of dispersions
The turbidimetric data for the silica dispersions at concentration of 5 and 1 wt. %
show that the values of the transmission are quite large, more than 60 % that indicates the small size of silica particles (NPNP aggregates).
However, the TSI index (Table 2) testifies that the particle size changes with time, i.e. the aggregation increases. However, the sedimentation separation is not observed ( Table 2 ).The aggregative and sedimentation stability corresponds to the most stable systems at TSI close to 0, and at TSI close to 100, the systems are minimum stable. Thus, 5 and 1 wt. % silica dispersions are relatively stable systems. To improve the stability or flocculation, water-soluble polymers can be added to the nanosilica dispersions. is lower than that at 5 wt. % (Table 3) . The influence of the polymer concentration on the stability of the aqueous dispersions of silica is a non-monotonic function. Significantly lower stability for 5 and 1 wt. % silica dispersions is observed at a low polymer content (1.25 g/l). At higher concentrations of PEO (4 and 6.5 g/l), the dispersions are characterized by a higher stability. This pattern is due to the fact that the concentration of PEO (6 kDa) is less than the adsorption monolayer (Fig. 1a) , but at higher concentrations of the silica, it does not lead to the loss of the dispersion stability in contrast to the low-concentrated dispersions.
Thus, the stability of the aqueous dispersions of silica in the presence of PEO depends strongly on the silica and polymer concentrations and slightly on the polymer molecular weight.
Moreover, the TSI stability factor for the stable dispersions is virtually unchanged with time, while for the unstable dispersions; its growth reflects the destabilization kinetics. The aqueous dispersion of silica with PVA is stable and its stability increases with increasing molecular weight of the polymer (Fig. 10b) or with increasing concentration of the silica (Fig. 10c) . Even for dispersions with low aggregative stability, the sedimentation separation is not observed. that prevent the sedimentation processes.
